Background: This study investigated the prognostic value of inflammation-based scores in patients with high-risk localized prostate cancer who underwent radical prostatectomy with or without neoadjuvant androgen deprivation therapy (ADT). Methods: Inflammation-based scores included the neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR), platelet-to-lymphocyte ratio (PLR), prognostic nutritional index (PNI), and plasma fibrinogen. A total of 440 patients (380 patients treated without neoadjuvant ADT and 60 patients treated with neoadjuvant ADT) were retrospectively evaluated in our medical center. Receiver operating characteristic (ROC) curves and Kaplan-Meier analyses were performed to compare the prognostic value of these scores. Univariate and multivariate Cox regression analyses were also performed. Results: For all patients, dNLR and PNI were predictive of biochemical recurrence (P=0.041 and ,0.001, respectively). Subgroup analysis of neoadjuvant strategies was also performed. For patients treated with neoadjuvant ADT, no selected inflammation-based scores were significantly correlated with biochemical recurrence (P.0.05). In contrast, for patients treated without neoadjuvant ADT, NLR (area under the ROC curve [AUC] =0.576, P=0.033), dNLR (P=0.585 and 0.017), PLR (AUC =0.582, P=0.024), and PNI (AUC =0.622, P,0.001) were predictive of biochemical recurrence. Kaplan-Meier analyses showed that dNLR (P=0.044), PLR (P=0.028), and PNI (P=0.004) were significantly associated with biochemical recurrence. Based on multivariable models, PNI was an independent predictor of biochemical recurrence (hazard ratio: 0.56, 95% confidence interval: 0.35-0.90, P=0.016). Conclusion: High dNLR, high PLR, and low PNI were associated with poor biochemical recurrence-free survival in patients undergoing radical prostatectomy for high-risk localized prostate cancer not treated with neoadjuvant ADT. In particular, PNI was an independent prognostic factor for biochemical recurrence.
Introduction
Prostate cancer is the most common solid cancer and is the second highest leading cause of death in American men. 1 It is also associated with the highest cancer incidence among Chinese men, and this incidence has been increasing over the last decade. 2 The high prevalence of chronic inflammation in histopathological samples from prostate needle biopsies, transurethral resections of the prostate, and radical prostatectomies submit your manuscript | www.dovepress.com
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shu et al (RPs) implies a possible relationship between local inflammation and prostate cancer initiation and progression. This relationship has also been confirmed by epidemiologic 3, 4 and cellular/molecular studies. 5, 6 Several possible consequences of local inflammation during prostate cancer include genomic and cellular damage, the stimulation of new cell turnover, and the creation of an inflammation-associated microenvironment. 5, 6 Currently, tumor-associated inflammation, including both local and systemic, is considered as a key factor for tumor invasion, migration, and metastasis. 7, 8 The tumor microenvironment, which is mostly orchestrated by inflammatory cells, is now widely recognized as a key determinant of the neoplastic process, fostering proliferation, migration, and survival. 8 Systemic inflammation has a substantial effect on survival outcomes in patients with various malignancies, [9] [10] [11] [12] [13] including those with predominantly low-and intermediaterisk localized prostate cancer who underwent RP. 4, 14 Systemic inflammatory responses are found to be associated with the progression of cancer, 8, 15 and this can be measured by bloodbased parameters, such as circulating inflammatory blood cells. The neutrophil-to-lymphocyte ratio (NLR), derived NLR (dNLR), platelet-to-lymphocyte ratio (PLR), prognostic nutritional index (PNI), and serum fibrinogen are significant markers of systemic inflammation. 16 Many studies have shown that NLR and dNLR have prognostic value for metastatic castration-resistant prostate cancer with systemic therapy. 3, [17] [18] [19] [20] [21] Some studies demonstrated that high preoperative NLR is associated with poor survival in patients with localized prostate cancer who underwent RP. 4, 14, 22 A few studies reported that PLR and fibrinogen have prognostic significance in terms of survival in patients with prostate cancer with androgen deprivation therapy (ADT) or radiotherapy. [23] [24] [25] [26] However, the prognostic significance of dNLR, PLR, PNI, and fibrinogen has not been previously investigated for patients with prostate cancer treated with RP and especially those in the high-risk group. A comparison of the prognostic value of selected inflammation-based scores has also never been explored for prostate cancer. Therefore, the present study aimed to evaluate and compare the prognostic value of selected inflammation-based scores with respect to biochemical recurrence in patients with high-risk localized prostate cancer treated with RP with/without neoadjuvant ADT.
Patients and methods ethics and patients
A total of 440 patients (380 patients treated without neoadjuvant ADT and 60 patients treated with neoadjuvant ADT) were included in this study from January 2009 to June 2016 in our center. The 60 patients received standard neoadjuvant ADT for 3-6 months before RP. These patients were treated with maximal androgen blockade (goserelin plus bicalutamide; 24 patients, 40.0%), antiandrogen therapy (bicalutamide; 12, 20.0%), medical castration only (goserelin; 20, 33.3%), and orchiectomy only (4, 6.7%). Included participants were male older than 18 years with pathologically proven high-risk localized prostate cancer ($T3a or prostate-specific antigen [PSA] .20 ng/mL or Gleason score $8, according to the National Comprehensive Cancer Network [NCCN] classification system). 27 All patients underwent RP, including open (163 patients, 37.0%), laparoscopic (167, 38%), and robot assisted (110, 25%). Peripheral blood cell counts were performed within 1 week before RP. The inclusion criteria were applied postoperatively. Patients with unavailable preoperative complete blood counts (n=3), other tumors (n=23), and a history of clinical systemic inflammatory diseases such as sarcoidosis, systemic lupus erythematosus, and rheumatoid arthritis (n=15) were excluded. The study received approval from the Ethics Committee of West China Hospital of Sichuan University, and written informed consent was obtained from all study participants.
Management of prostate cancer
Preoperative diagnosis was confirmed through ultrasoundguided transperineal needle prostate biopsy for all cases. Histopathological evaluation of needle samples was performed separately by two urological pathologists from our medical center. Baseline demographic, clinical, pathological, and biochemical data, which included PSA levels, were collected to ensure consistent data collection, through the use of uniform electronic templates, which could be obtained from the hospital information system of our center. The disease was staged according to the TNM staging system of 7th edition of the AJCC/UICC Cancer Staging Handbook. 28 
Follow-up
After initial pathological diagnosis, some patients received ADT due to high tumor burden prior to RP, whereas others did not. Therefore, patients were separated into the following two subgroups: patients with neoadjuvant ADT and patients without neoadjuvant ADT. After initial RP, all patients received regular follow-up visits. Patients with positive surgical margins or extracapsular extension received adjuvant therapy. PSA values were detected every month during the first 3 years, every 3 or 6 months for the next 5 years, and once per year thereafter. If disease progression was confirmed 
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Inflammation-based scores predict prostate cancer biochemical recurrence due to biochemical relapse or radiological progression using Response Evaluation Criteria in Solid Tumors (RECIST), 29 adjuvant or salvage ADT or external beam radiotherapy was performed when necessary.
The atomic formulas of selected inflammation-based scores
As a part of clinical routine, fasting blood samples were collected within 7 days prior to RP or 3 days before prostate needle biopsy. NLR was the ratio of neutrophils to lymphocytes. dNLR was calculated as the absolute neutrophil count divided by (white blood cell -neutrophil count). PLR was the ratio of platelet to lymphocytes. PNI was calculated using the following equation: albumin (g/L) + (5× total lymphocyte count ×10 3 /µL) or 10× serum albumin (g/dL) +0.005× total lymphocyte count (per mm 3 ). The primary outcome was biochemical recurrence-free survival (BFS), which was defined as the time from prostatectomy to a serum PSA level of $0.2 ng/mL, as confirmed by repeat measurements.
statistical analysis
To evaluate the prognostic values, we calculated receiver operating characteristic (ROC) curves and compared the area under the ROC curve (AUC) with a 95% confidence interval (CI). An AUC value of 0.5 indicated no predictive ability for the outcomes, and a value of 1.0 showed perfect discrimination. Cutoff points with the highest sensitivity and specificity were calculated. We generated BFS curves by the Kaplan-Meier method. Differences between the two curves were analyzed via the log-rank test. Univariate and multivariate Cox regression analyses also were performed. A two-sided P-value of ,0.05 was considered statistically significant. We used MedCalc Statistical software (version 15.6; MedCalc Software, Ostend, Belgium), GraphPad Prism software (version 7.0; GraphPad Software, Inc., San Diego, CA, USA), SPSS software (version 22; IBM Corporation, Armonk, NY, USA), and R software (version 3.3.3; R Foundation for Statistical Computing, Vienna, Austria) for the statistical analyses.
Results
Patient and disease characteristics (n=440), both for the entire cohort and separated by neoadjuvant ADT, are presented in Table 1 . A total of 134 (30.5%) patients had seminal vesicle invasion, and 185 (42%) patients had positive surgical margins. A pathological diagnosis of intraductal carcinoma of the prostate (IDC-P) occurred in 34 (7.7%) patients. Furthermore, 165 (37.5%) cases were classified as very high-risk disease according to the current NCCN recommendation. 27 The mean levels of NLR, dNLR, PLR, PNI, and fibrinogen were 2. A total of 60 patients (13.6%) were treated with neoadjuvant ADT before RP. Patients treated with neoadjuvant ADT were significantly correlated with advanced T stage (T3) (P=0.014), higher incidence of extracapsular extension (P=0.011), higher PNI (P,0.0001), lower NLR (P=0.014), lower dNLR (P=0.001), and lower PLR (P=0.017).
As shown in Figure 1 , ROC curve analyses were performed to predict biochemical recurrence in patients with high-risk localized prostate cancer treated with RP with/ without neoadjuvant ADT and then AUC measurements were compared (Table 2) . First, for all included patients treated with or without neoadjuvant ADT, the AUC of dNLR for predicting biochemical recurrence was 0.569 (95% CI: 0.522-0.616; P=0.041). Furthermore, the AUC of PNI was 0.610 (95% CI: 0.562-0.655; P,0.001). For patients treated without neoadjuvant ADT, the AUC of NLR was 0.576 (95% CI: 0.525-0.627; P=0.033). The best cutoff value for NLR was 2.1, with a sensitivity of 64.4% and a specificity of 50.5%. Similarly, the AUC of dNLR was 0.585 (95% CI: 0.534-0.636; P=0.017), with a sensitivity of 87.7% and a specificity of 29.6%, based on a cut-off value of 1.3. The AUC of PLR was 0.582 (95% CI: 0.530-0.632; P=0.024). Based on a cut off value of 100.7 for PLR, the sensitivity was 64.4%, and the specificity was 55.4%. The area under the PNI ROC curve for predicting biochemical recurrence was 0.622 (95% CI: 0.571-0.671; P,0.001). When using a cutoff point of 47.4, the sensitivity was 41.1% and the specificity was 79.2%, with a Youden's index of 0.203. Next, 94 (24.7%) patients with PNI #47.4 and 286 (75.3%) patients with PNI .47.4 were, respectively, classified into PNI-high and PNI-low groups. For this, the AUC measurement for fibrinogen to distinguish biochemical recurrence was 0.509 (P=0.805). Lastly, for patients treated with neoadjuvant ADT, there was no statistically significant difference between the AUC values of the selected inflammation-based scores (0.5).
Kaplan-Meier survival analyses of patients with high-risk prostate cancer who were treated with RP and neoadjuvant ADT are presented in Figure 2 . dNLR, PLR, and PNI did not relate to BFS. However, when evaluating these parameters in patients treated without ADT, increased dNLR, increased PLR, and decreased PNI were found to be associated with submit your manuscript | www.dovepress.com
Dovepress
4554
shu et al poorer BFS. A significant difference in terms of BFS was found between the dNLR-low (26.3%, 100/380) and dNLRhigh (73.6%, 280/380) groups (P=0.044). The PLR-low group (48.4%, 184/380) had a higher BFS than the PLR-high group (51.6%, 196/380; P=0.028). The BFS was significantly poorer in the PNI-low group (24.7%, 94/380) than in the PNI-high group (75.3%, 286/380; P=0.004), which revealed that PNI is a protective factor.
As shown in Table 3 , for patients with high-risk localized prostate cancer treated with RP without neoadjuvant ADT, high PSA level, increased Gleason score, advanced pathological T stage, extracapsular extension, seminal vesicle invasion, positive surgical margin, perineural invasion, pathological subtype of IDC-P, high dNLR, high PLR, and low PNI were related to poorer BFS based on univariate models. Extracapsular extension, seminal vesicle invasion, positive surgical margin, and low PNI were also related to poorer BFS based on multivariable models. Furthermore, PNI was an independent predictor of BFS (hazard ratio: 0.56; 95% CI: 0.35-0.90, P=0.016). 
Discussion
Our results demonstrated that dNLR, PLR, and PNI are predictive of biochemical recurrence in patients with high-risk localized prostate cancer who underwent RP and who were treated without neoadjuvant ADT. Furthermore, increased dNLR, increased PLR, and decreased PNI were associated with poor BFS in these patients. Particularly, low PNI was an independent prognostic risk factor for biochemical recurrence after adjusting for the effects of PSA levels and advanced pathological factors. To the best of our knowledge, this is the first study to show that dNLR and PLR are significantly associated with biochemical recurrence in patients with highrisk prostate cancer who underwent RP. More importantly, the present study represents the first attempt to evaluate the value of PNI as a predictor of biochemical recurrence in the same group of patients. Preoperative PNI values could become key complementary markers, in addition to TNM staging and PSA levels, for the selection of optimal treatment strategies. Thus, we recommend adding PNI to the traditional prognostic model to improve predictive accuracy.
Emerging evidence suggests that systemic inflammation plays an important role in the neoplastic process and survival in many types of solid tumors. [10] [11] [12] [13] Tumor cells release cytokines and chemokines that circulate and trigger a systemic inflammatory response. 30 As a result, changes in neutrophils, lymphocytes, and platelets (among others) occur. Neutrophils play defined roles in the regulation of tumor cell proliferation and angiogenesis. 31, 32 Lymphocytes play a critical role in the control and integration of the systemic immune response. 33, 34 Platelets assist tumor cells in arresting at the endothelium of blood vessels and protect them from elimination, which contributes to tumor cell survival and spread. 35, 36 PNI is calculated based on the serum albumin and lymphocyte counts from peripheral blood samples. Serum albumin levels were found to be highly correlated with patient nutritional status, and low albumin indicated poorer Abbreviations: ADT, androgen deprivation therapy; dNLR, derived NLR; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.
Table 2
Area under the ROC curve on the outcome of biochemical recurrence Abbreviations: ADT, androgen deprivation therapy; BFS, biochemical recurrence-free survival; dNLR, derived NLR; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-tolymphocyte ratio; Pni, prognostic nutritional index; rP, radical prostatectomy.
nutritional status. 37 Lymphocytes are responsible for immune responses, 33, 38 and play important roles in the systemic inflammatory response in patients with cancer.
8 PNI values are closely related to the preoperative nutritional status, immune state of the body, and systemic inflammation, which could explain why low PNI was a risk factor for some extent.
In 1984, Onodera et al initially designed PNI to evaluate nutritional statuses and surgical risk prior to gastrointestinal surgery and regarded low PNI as a risk factor for survival. 39, 40 Recently, low PNI was found to be an independent risk factor for survival in patients with various types of solid tumors. 41 In 2017, Fan et al 42 first reported the value of PNI in the prostate cancer. They found that low PNI predicted poor overall survival and was an independent risk factor in metastatic castration-resistant prostate cancer treated with abiraterone, which is similar to the conclusion of our study. However, they explored the value of PNI in metastatic prostate cancer and not localized prostate cancer.
Many studies have shown that NLR is a poor risk factor for patients with prostate cancer. 4, 14, [17] [18] [19] [20] [21] [22] Some studies revealed that fibrinogen is associated with poor survival in prostate cancer patients treated with ADT or radiotherapy. 25, 26 In the present study, we observed that NLR is predictive of biochemical recurrence, but it was neither significantly associated with poorer biochemical recurrence nor an independent prognostic factor for biochemical recurrence. Meanwhile, fibrinogen was not found to be predictive of biochemical recurrence, associated with poorer biochemical recurrence, or an independent prognostic factor for biochemical recurrence. These results might be associated with the specific subgroup of prostate cancer patients, the high-risk group.
In this study, we focused on high-risk prostate cancer. The rates of positive surgical margin and extracapsular extension were similar to those of previous studies. [43] [44] [45] In addition, our results revealed that all selected inflammation-based scores were not associated with biochemical recurrence in patients with high-risk localized prostate cancer treated with RP and ADT, which was confirmed by both ROC curve and Kaplan-Meier analyses. Thus, it might be not suitable to treat the inflammation-based scores as prognostic factors in patients treated with neoadjuvant therapy. This treatment likely has an impact on peripheral blood parameters. Therefore, inflammation-based scores calculated from the 
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Inflammation-based scores predict prostate cancer biochemical recurrence peripheral blood parameters prior to surgery failed to predict cancer survival. There are some limitations of the study. First, it is a retrospective study. In addition, we determined the BFS and not metastasis-free survival or overall survival as the outcome due to a short follow-up duration. Moreover, we could not adjust for or analyze other baseline factors that might affect BFS. The sample size of the subgroup of patients treated with neoadjuvant ADT was also limited. Thus, additional large-scale and controlled clinical trials are required to confirm these results.
Conclusion
High dNLR, high PLR, and low PNI were associated with poor BFS in patients undergoing RP for high-risk localized prostate cancer not treated with neoadjuvant ADT. Particularly, PNI was an independent prognostic factor for biochemical recurrence in the same group of patients. Further prospective studies are needed to confirm whether improved PNI is associated with a long-term survival benefit.
